Background: Limited data suggested that the prevalence of Human Papillomavirus (HPV) among female sex workers (FSW) is much higher than in the general female population. The current study aimed to examine the HPV and cervical cancer related awareness, knowledge, and behaviors among FSW in China. Methods: A total of 360 FSW recruited from entertainment establishments in Beijing completed a self-administered survey including demographics, HPV related knowledge, and health-seeking and cervical cancer preventive behaviors.
Background
Cervical cancer, the second most common female cancer, kills more than 275,000 women annually. More than 80% of cervical cancer occurs in women in developing countries. As the most populous country, China has observed an increase in the cervical cancer incidence rate in younger females (25-44 years of age) within a context of a growing cancer burden [1, 2] . For instance, the incidence rate of cervical cancer was 0.21 per 100,000 among women aged 20 to 24 from 1988 to 1992, but jumped to 1.35 per 100,000 from 1998 to 2002. Nationwide organized cervical cancer screening is not available, but a recent study reported that approximately 75,000 women developed cervical cancer and 40,000 women died from the disease each year [3] .
Almost all cervical cancers are caused by human papillomavirus (HPV) infection, one of the most common sexually transmitted infections [4] [5] [6] . The prevalence of HPV is higher in less developed countries (42.2%) than in more developed regions (22.6%) and higher in women who engage in sexual risk behaviors [7, 8] . For instance, having sexual intercourse at a younger age, increased number of pregnancies, increased number of sexual partners, unprotected sex, long-term use of hormonal contraceptive [9] , smoking, and experience of sexual violence were all recognized as significant risk factors for HPV infection [7, 8, 10, 11] . In addition, as HIV-infected individuals are more susceptible to a broader range of HPV genotypes [12] , the high prevalence of HIV [13, 14] contributes to a higher risk of HPV infection among FSW [15] . Female sex workers (FSW) are at a very high risk of HPV and cervical cancer because of their exposure to multiple risks. Limited data suggested that the prevalence of HPV in FSW is much higher than in the general female population [16] [17] [18] [19] . Some scholars suggested that FSW are reservoirs of oncologic HPV, and cervical cancer in monogamous women develops in part as a result of transmission of these viruses to them by their husbands from FSW [19] . Despite the evidence of high prevalence of HPV in FSW, limited prevention programs are available for these vulnerable women. Assessment of knowledge, awareness, and attitudes towards cervical cancer and its prevention are necessary to design an effective prevention program. Some initiatives have been explored for the purpose of designing effective programs for the prevention of cervical cancer. For example, in some developed countries, health professionals have implemented screening programs among general women and HPV vaccination programs among schoolbased adolescent girls and found cervical cancer as well as HPV-related diseases have been markedly prevented [3, [20] [21] [22] [23] [24] , but programs targeting FSW have been very limited [25, 26] .
In addition to an increasing cancer burden, the past three decades have also witnessed the resurgence of commercial sex in China because of widening income disparities and changing sexuality [27] . An estimated four to 10 million FSW work in a complex hierarchy of sex industry [28] . Most of them are young women who have limited education, have migrated from rural areas to cities, and practice high rates of risky sexual behaviors. The prevalence of sexually transmitted infections (STI) (e.g., syphilis, gonorrhea, chlamydia, herpes simplex virus [HSV]) among them ranges from 13% to 42% [28] . Most of the research on this population has focused on HIV/STI risks, but in recent years, new studies have emerged in response to the growing concern of HPV and cervical cancer in young women. A recent study revealed that HPV prevalence among FSW in China was about 38.9%; [29] however, virtually no data were available regarding FSW's knowledge, awareness, and behaviors related to HPV and cervical cancer. The current study aims to fill the gaps in the literature by answering the following research questions: 1) What is the level of awareness of cervical cancer, HPV, HPV vaccine among FSW? 2) What is the level of knowledge of HPV and cervical cancer among FSW? and 3) What are the factors associated with cervical cancer preventive behaviors (i.e., Pap smear behavior and acceptance of the HPV vaccine)?
Methods

Participants
Data in the current study were collected in 2011 from Chaoyang District in Beijing, China. Chaoyang District is the most populous district in Beijing with a population of about 3.64 million, including about 840,000 migrants. The study participants were recruited from local entertainment establishments (e.g., karaoke bars, massage parlors) that were known to the local public health agency for providing commercial sex services. Our research staff approached owners or managers or other gatekeepers of these venues to obtain their permission to conduct research on their premises. Owners or managers of a total of 15 establishments were approached, and 11 of them agreed to participate. Once we received permission, we then invited eligible women working in these establishments to participate. Participation was completely voluntary. Eligibility criteria included the following: 1) 18 years of age or older; 2) acknowledged practice of commercial sex. A small number (3% to 8% with a mean of 4%) of women we approached in each of the 11 participating establishments refused to participate. A final sample of 360 women provided written informed consent and completed a self-administered confidential survey.
Survey procedure
The survey was conducted in separate rooms or private spaces at the establishments where women were recruited. No one was allowed to stay with participants during the survey except the interviewer, who provided assistance when necessary. All the interviewers had a prior experience working with FSW. For some FSW who never heard of cervical cancer, HPV, the HPV vaccine, or the Pap smear, the interviewer explained the terms to them before the FSW proceeded to the next question. For FSW who had reading difficulty, the interviewer read questions to them and recorded their oral responses in the survey. The survey typically took about 45 minutes to complete. Each participant received a research incentive of 20 Chinese yuan (approximately US$3.00) and reimbursement for their transportation expenses (up to US $5) upon the completion of the survey. The study protocol, including the consent process, was approved by the Institutional Review Board at Wayne State University School of Medicine in the US and Beijing Normal University in China.
Measures
Demographic characteristics measures include age (in years), ethnicity (Han or ethnic minority), residency (urban or rural), marital status (unmarried, married, cohabited, divorced, or widowed), education (in years of formal schooling), length of time working in the city (in months), length of time working as a FSW (in months), and monthly income (in Chinese currency yuan). For the purpose of data analysis in the current study, we categorized ethnicity into Han and non-Han, educational attainment into less than nine-year schooling verses at least nine-year schooling, marital status into currently not married (including divorced or widowed) verses currently married (including cohabited). In addition, we divided FSW into two groups based upon the distribution of their age: younger than 25 years old and 25 years of age and older.
Health-seeking behaviors were measured using two questions regarding whether the FSW ever had regular health check-up or HIV testing (1 = yes, 0 = no).
Awareness. The participants were asked whether they ever heard of cervical cancer, HPV, and the HPV vaccine (1 = ever vs. 0 = never); they were also asked to rate their perceived likelihood of getting cervical cancer (e.g., very likely, likely, not likely, not likely at all). For the purpose of data analysis, we assigned respondents who answered "very likely" and "likely" into "high perceived risk of cervical cancer" group; otherwise, we assigned them into "low perceived risk of cervical cancer" group.
Knowledge of cervical cancer prevention and HPV was measured using a 7-item scale. The scale was developed based upon existing literatures [30, 31] as well as a WHO guideline on HPV and HPV vaccines [15] . The knowledge scale included questions regarding possible transmission routes of HPV (e.g., sexual transmission), risk factors of cervical cancer (e.g., early sex debut; HPV infection), and preventive measures of cervical cancer (e.g., annual Pap smear, HPV vaccination). For each question, the response was coded as 1 = correct answer or 0 = incorrect answer. The composite score of the scale was calculated by summing correct answers to all seven questions with a higher score indicating a higher level of cervical cancer knowledge. The Cronbach alpha for the seven items was 0.87 in the current sample.
Questions on cervical cancer preventive behavior included whether they ever had a Pap smear (1 = yes; 0 = no) and whether they would have an HPV vaccination (yes if free, yes even with a charge, and no). Respondents who answered "yes if free" or "yes even with a charge" were categorized into "1 = willing to have an HPV vaccine" group; otherwise, they are assigned into "0 = unwilling to have an HPV vaccine".
Data analysis
First, we conducted an exploratory data analysis to examine the distribution of key demographic and background variables of interest in the current study. The variables of interest included FSW's demographic information and health-seeking behaviors. Second, we employed Chi-square test and ANOVA to compare women's awareness as well as knowledge and behaviors with regard to cervical cancer and HPV. For analysis with knowledge, we only included responses from FSW who were aware of cervical cancer or HPV. Third, univariate logistic models and multivariate logistic models were employed to examine the association of cervical cancerrelated preventive behaviors with key demographic and awareness variables. The measures of preventive behaviors (willingness of having an HPV vaccine and had a Pap smear) were dichotomized to serve as dependent variables in the logistic regression models. Demographic and background variables that were significantly associated with the preventive behaviors (p < .05) in the univariate analyses were included in the multivariate models as independent variables. Unadjusted odds ratios (ORs) and adjusted odds ratios (aORs) from the logistic regression models and their 95% confidence intervals (95% CIs) were used to depict the relationship between cervical cancerrelated preventive behaviors and independent variables. All statistical analyses were performed using SPSS 18.0. Table 1 presents demographic characteristics and healthseeking behaviors of the sample. The mean age of the FSW was 25.1 years (SD = 3.5, range:18-36 years old), a majority (91.1%) of them were ethnic Han, 64.2% came from rural areas, 61.9% were currently not married, and 58.1% had less than nine years of schooling. On average, they have worked in the city for 50.4 months (SD = 34.4) Table 2 , 70.8% of FSW ever heard of cervical cancer, 22.1% heard of HPV, and 13.3% heard of the HPV vaccine. Less than 10% of FSW perceived any risk of cervical cancer, and only 15.3% ever had a Pap smear. About 62% of FSW were willing to have the HPV vaccine, including 40.8% were willing if it is free and 21.4% were willing even if they have to pay. The distribution of knowledge of cervical cancer and HPV was examined in Table 3 . Their responses to the 7-item knowledge scale varied, with total scores ranging from 0 to 7 and a mean of 2.3 (SD = 2.3). Older FSW were less aware of cervical cancer but for those who were aware, they had better knowledge (see Tables 2 and 3) . Table 4 presents the outcomes of univariate logistic regression and multivariate logistic regression with regard to the factors associated with two key preventive behaviors-ever had a Pap smear and willingness to have an HPV vaccine. We found that, while controlling for confounders, cervical cancer-related knowledge (aOR = 1.35, 95% CI = 1.15, 1.59) and ever had HIV testing (aOR = 11.14, 95% CI = 5.36, 23.15) were the two significant correlates for Pap smear; having a regular health check-up (aOR = 1.95, 95% CI = 1.01, 3.77) and working longer in commercial sex (aOR = 1.01, 95% CI = 1.00, 1.03) were significant correlates for acceptance of HPV vaccine.
Results
Discussion
This is one of the first studies that measures cervical cancer and HPV-related knowledge, awareness, and behaviors among FSW in China. Our data revealed that FSW in China had low levels of knowledge of cervical cancer, HPV, and the HPV vaccine. Few FSW perceived themselves at risk for cervical cancer despite their high exposure to multiple sex partners and high rates of unprotected sex. Only a small portion of FSW ever had a Pap smear, but many were willing to take the HPV vaccine. The level of cervical cancer-and HPV-related knowledge among FSW was lower than that of FSW in other countries, such as Thailand and Peru [25, 26] . as well as general urban Chinese women [32] . For example, a recent study among Peruvian FSW showed that 69.0% of participants were aware of the transmission route of HPV, compared to 26.3% in the current study [25] . Another study conducted in Thailand revealed that more than half of FSW knew the possible consequences of HPV infection, but less than one third of FSW in the current study were aware of them [26] .
Our data provide useful information for further research and policy making. As China's cancer burden continues to grow, more attention has been directed toward effective prevention programs [33] . Overall cervical cancer mortality has been declining, but the declining trends showed only for older women; younger women showed an increasing trend [1] . Given the large population and limited resources in most areas of China, identifying the most at-risk populations and designing targeted prevention interventions are most efficient.
To date, no national cancer prevention program is available in China despite several national and international efforts working towards this goal [33, 34] . Most urban women have access to cancer screening through their employer-sponsored health insurance, but rural women have had access to free cervical cancer screening under a government-sponsored program only since 2009 [35] . The majority of FSW in China are rural-to-urban migrants and not covered by any health insurance; furthermore, the stigma against commercial sex has placed them in "double jeopardy" [28] . In a study to examine barriers to HIV testing, Hong and colleagues found that perceived stigma and denial of risk were the major reasons for not seeking testing [36] . The literature documents very high rates of HPV infection in FSW, including recent data from China showing an HPV prevalence of 39% in FSW [11, [16] [17] [18] [19] 29, 32, 37] , which stands in sharp contrast to the very low level of awareness, knowledge, and perceived risk of cervical cancer in FSW in China. As demonstrated in the current study, only 15% of FSW in China ever had a Pap smear compared to 70% of their counterparts in Thailand [26] . We therefore call for policies and programs to promote cervical cancer awareness and screening in this population in China. Empirical studies, including the ones conducted in China, showed that early screening can efficiently reduce cervical cancer mortality [23, 24] . Several model-based cost-effectiveness analyses suggested that HPV DNA screening plus HPV vaccine in certain high-risk population is the most effective approach to control cervical cancer [38] . FSW are at high risk for cervical cancer, yet they are highly mobile and severely stigmatized; thus, prevention efforts to reduce cervical cancer morbidity and mortality in this population deserve thoughtful planning and implementation. First, given the HPV vaccine is designed to be prophylactic, it is most effective for young women without previous or current infection with vaccine-related HPV genotypes [15] . However, the already-high HPV prevalence among FSW prevents the vaccine from being effective among this population. Therefore, it merits further research to explore the feasibility of vaccinating young women, especially rural women. Second, as a positive HPV test (especially HPV DNA screening) will only tell the provider that a FSW is HPV infected but not necessarily that she has cervical dysplasia [29] , we thus recommend that a positive HPV test for a FSW should be used as a proxy for cervical abnormality and a cytology examination needs to be performed on the HPV-positives. Third, our data indicated that ever had HIV testing was the most significant predictor of a Pap smear (aOR = 11). China has established a comprehensive HIV voluntary counseling and testing (VCT) program, and the service has been scaled up to more than 6,000 clinics among all provinces nationwide [39, 40] . We thus suggest that cervical cancer screening and counseling be integrated into the existing VCT practice for women. Finally, FSW constitute a highly heterogeneous population, and their risk behaviors vary considerably across age groups and working venues; any prevention intervention programs must be tailored to the subgroups to improve efficacy.
Our study has several limitations. First, our survey was based on a closed-ended questionnaire; open-ended questions might have gauged better cervical cancer-and HPV-related awareness and perceptions, especially when no prior data were available from this population. Second, our study was based on a cross-sectional survey, and the correlation observed in our data could not be interpreted as a causal relationship. Finally, our sample was a convenience community sample which may limit our ability to generalize the findings to FSW populations in other areas of China.
Conclusion
Our study examines HPV and cervical cancer related knowledge, awareness and behaviors among FSW in China. Despite being at high risk for HPV infection, they have very low levels of knowledge and awareness of cervical cancer and HPV; very low rates of Pap smears and perceived risks have increased their actual risks. These findings underscore the necessity and urgency of targeted intervention. We call for culturally appropriate programs to promote awareness of HPV and cervical cancer and to provide access to low or no-cost cervical cancer screening for all FSW and low-cost HPV vaccine for young FSW.
